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(54) ITifleof the ^ SEMICONDUCTOR DEVICE 

(57) [Abstract] 

robiectl me present bvention] concerns a 

pSLSS to provide d element structure which does not reqmre a thick gate msulatmg film, 
and which does not require an bffeet structure. 

drain reRion 13 are formed on the surface ot an n- 

l, are 

; insulating 

exists of To layers The polysilicbn gate 15 which is closer to the gate insulating film is doped vath 
SSes ^aTsuSw «>ncen\ration that a depletion layer 17 is formed when a high voltage is apphed 
acSe Si substrate li and drain region 13, or across the soutceregion 12 and dram region 13. The 
other polysilicon gate 16 is doped with impurities at a high concentration. 




' Translator's note- Unoriginal indicate a single gate electrode consisting of two layers i. e, 15 and 16 but later 
rSoIhe LyS themLlSs "electrodes;" since Japanese Has no grammaUcal smgular-plural disUncUor, the 



reference here is inherently unclear. 
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[Claims] 

[Claim 1] A semiconductor device which is a MOS type field effect ttansistor iii which a source 
region and drain regioa which are of one conduction type and; which have high impurity 

and mwhicfca gate insulating film and a poiysilicon gate electrode : are formed onthe 
ScSuctor substrlte between the source region and drain region, said semiconductor device 

MOS type field effect frahsistor, ; -'-V~ 

the eate electrode consisting of MlysiUcon consists of tw layers, . . ; .. . 
Z polvsiUcon gate which is closer to the gate irculaUng film is doped w«b .mpurmes at sue, « 
Sw^Srratiott that a depletion layer ^l^'.^.-^^ 
^conductor substrate and drau, region, or across the^rce region and draw region, and 
the other poiysilicon gate is doped with impurities at a high concentration. 

[Claim 2] ^^co^^y^^^OS W^^£^S.t^* ^ ' 
MOS type field effect transistor, , 

♦Vw» <™t* Strode consistm^ . . .• - * . - . 

XeT* wSss the semiconductor substrate and drain region, or across the souroe 

IClaim 31 A semiconductor device which is a MOS type field effect transistor in which a source 
rStrode™Sy^ 

SpSfay" formed when a high voltage is applied across the sem.conductor 
substrate and drain region, or across the source region and drain region. 



2 



■UMMBTU-T 



Japanese Patent Application Kokal Number: HEI 5^55560 

[Detailed Description of the Invention] 
[0001] 

fField of Industrial Utilization] The present irivenuonconcerns a ^ semiconductor ^device, and 
more specifically concerns a MOSFET which has.a high withstand voltage in which a high 
voltage with an absolute value . of 10 to 100 V or greater is applied across the substrate and drain, 
or across the source and drain. 

[0002] : -. ., , / 




a D dram region ampuniy wuwiiuttuuii. iv .■ — /. . • . . 

^io^mp£ity^n&« 

coLn rafion: >-10'W),46indi<atesatWn gate .nsulaung film 
angstroms) consisting of Sift, 47 indicates a thick gate msulalmg film (tkckne^SOO 
angstroms) consisting of Sift, and 48 indicates a polysihcon gate el<xtrodeXth.ckness. 4,000 
angstroms). " 

r00031 The Si0 2 filmused as a gate insulating film undergoes insulation breakdowiwhen an 
'^tut^n MV/cm*s applied Accof dingly> order to ^^^^ 
mgt^tand voltage, it is n^ 

gate insulating film. Conventionally, the following methods have been used for this. 

[0004} (1) Increasing the thicknbss of the gate^insulating film. (2) Including offset structures in 
the source region or drain region, or in.both. regions; 
' fOOOSl (3) The use of (1) and (2) in combination. To describe these methods wim reference to 
wSstandVoltage MOSFET area, with a thin gate insu^ 

SwmeLdin which a p" source offset region 44 or a p drain offset region 45 is formed, or in 
^SSf ^region* are formed, (3) ijia method using the structure shown m Figure 4. 

[0006] 

Problems to Be Solved by the Invention] In conventional MOSFETs which have a high 
wSud voltage, a process which is used to increase the thickness of me gate insulatmg film 
Sy£ the^rea of the element with a high withstand voltage, and a special process which is used 
to form the offset structures, are required. As a result, the number of processes required is 
increased. 

r 0 007] Furthermore, since the gate insulating film is thick, and since offset structures are 
present, the current amplification rate of the FET drops. The object of the present invention is to 
solve the above-mentioned problems, and to provide a semiconductor device, especially a 
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MPSFET which has a high withstand Voltage, in which there is no need to increase thethickness 
. of the gate insulating fiim, and in which offset structures are not required. 

[0008] . • /-[/.;■ ■; . 

[Means Usedto Solve the Above-mentioned Problems] In orderto achieve ^^ove-mentioned 
object, the semiconductor device of the present invention (especially a MOSFET which has a 
high withstand voltage) is constructed as follows: 

f 00091 (I) A MOS type field effect transistor in which a source region and drain region which 
are of one conduction type and which have high impurity concentrations are formed on the 
surface of a semiconductor substrate of the opposite conduction type, anu m w^ic a gate 
insulating film and a polysilicon gate electrode are formed on the semiconductor substrate 

conSed so that the gate insulating film has the same thickness as the gate insulating film used 
in an ordinary MOS type field effect transistor, the galeelectrode consisting of pa ysilicon - 
c^Ssts ofSo layers!?* polysilicon gate which is closer to the gate insulating film is doped . 
S impurities atsuch ata .^ntrato that a depletion layer is formed when a high voltage 
^ appUed across the semiconductor substrate and drain region, or across the^urce region and 
SrSon, and the other polysilicon gate is doped with impurities at a high concentration. 

fOOlOl (2) A MOS type field effect transistor in which a source region and drain region which 
ire of one conduction type and which have high impurity concentrations are ^djMiAe 
•* surfece of a semiconductor substrate of the opposite conduction type, and in which a gate 
Sating film and a po^^^ gateelectrode are formed onthe semiconductor substrate 
;SS source reS and drain region said MOS type fieW 

coScted so that the gate insulating film has the same thickness as the gate insulating film used 
San^rtory MOS type field effect transistor, the gate electrode consisting of P o ysilicon 

^^v]^*.^'^ impurities at such a low concentration that 
• fomedwheSgh vbltageb ° • 

at a high concentration, : 

room (3) A MOS type field effect transistor in which a source region and drain region which 
are ofone conduction type and vmich have high ^ 

SrfaL of fsemi^ ^T^ttSate 
insulating film and a polysilicon gate electrode are formed on the semiconductor substrate 
between the See region ^and drL region, said MOS type field effect ^ _ 
S^ct^4 Sthe gate insulating film has the same thickness as the. gate insulating film used 
^^UO^^Jtr^s^ and the gate electrode cons^ting of polysilicon is 

^wXpurities at such a low concentration that a depletion layer is formed when a hxgh 
voUagetapplLd across the semiconductor substrate and drain reg.on, or across the source 
region and drain region, 
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[Operation] In the high-withstand-voltage MOSFET of the present invention, the gate electrode 
consisting of polysilicon on the portion of the gate insulating film to which a high voltage is 
applied is doped at a low concentration. Accordingly, when a high voitage is applied across the 
semiconductor substrate and drain region, or across the source region and drain^region, a .. . 
depletion layer is formed, and this depletion layer spreads throughout the polysilicon gate that is 
doped at a low concentration. As a result, the effective film thickness of the gate insulating film 
as seen from the semiconductor substrate and drain region, or from the source region and drain 
region, is increased: so that the electric field applied to the gate insulating film is reduced. 

[0013] Consequently, by. adopting the element structure of the present invention, it is possible to 
realize a highVithstand-Voltage MOSFET which does not require any increase in the thickness 
: of the gate insulating film, and which does not require offset structures. 



[Working Examples] ^ 1):-Rgure 1 mu.strates Worldng Exmple l'; Figure 1 

(a) shows the element structure, and Figure 1 (b) shows the bias state. . . 

[0015] In Figure 1, 11 indicates an n-Si substrate, 12 indicates a p + source region (impurity ^ 
concentration 10 19 ~ 10 20 cm' 3 ), 13 indicates a p + drain region (impurity concentration: 10 ~ 
10 20 cm* 3 ) 14 indicates a gate insulating film consisting of Si0 2 , 15 indicates a polysilicon gate 
electrode with a low impurity concentration, 16 indicates a polysilicon gate electrode with a high 
impurity concentration, and 17 indicates a depletion layer. 

[0016] The thickness of the gate insulating film 14 consisting of SiO* is 250 angstroms, which is 
the same as the thickness of the gate insulating film in an ordinary MOSFET. The P« ys.hcon 
gate electrode 15 with a low impurity wnwntrafion has an impunty concentre ~ 10 
cm" 3 , and a thickness of 1000 angstroms. 

[0017] The polysilicon gate electrode with a high impurity concentration ^has animpurity 
concentration of 10 20 - 10 21 cm 3 , and a thickness of 3000 angstroms. A high-withs and-voltage 
MOSFET with the structure shown in Figure 1 (a) is biased as shown m Figure 1 (b). 
Specifically, the source 12 is grounded/a drain voltage V D is applied to the drain 13, and a gate 
voltage Vo is applied to the polysilicon gate electrode 16 which 1ms a high impurity . •• _ 
concentration. ^ is mcreased, a depleUon layer 17 is formed 

in the polysilicon gate electrode 15 which has a low impurity concentration. As the drain voltage 
Vo rises, the width of the depletion layer 17 increases inside the polysilicon gate electrode 15 
with a low impurity concentration. As a result, since the effective film thickness o[ the gate 
insulating film 14 as seen from the drain region 13 increases, theatric ; field apphe ^ the gate 
insulating film is reduced. Accordingly, insulation breakdown of the gate insulating film does 



not occur. 



[0018] (Working Example 2) Figure 2 illustrates Working Example 2. In Figure 2, 21 indicates 
an n-Si substrate, 22 indicates a p + source region (impurity concentration: 10 -10 cm ), 23 
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indicates a p + drain region (impurity concentration: 10 19 ~ 10 M cm" 3 ), 24 indicates a gate 
insulating film consisting of Si0 2 , 25 indicates a polysilicori gate electrode with a low impunty 
concentration, and 26 indicates a polysilicon gate electrode with a high impurity concentration. 

r0019] The thickness of the gate insulating film 24 consisting of SiOi is 250 angstroms, which I 
the same as the thickness of the gate, insulating film in an ordinary MOSFET. The l»W"»n 
gate electrode 25 with a low impurity concentration has an impunty concentration of 10 -10 



r00201 The polysilicon eate electrode 26 with a high impurity concentration has an impurity 
concentration of 10 20 ~ lb 21 cm° In a high-withstand-voltagc MOSFET having the structure of 



concentration ot iu ~ iu cm . in a uiBu-vviuiaimiu w«- e ^ „ 

the present working example, the polysilicon gate electrode.is constructed from two regions in 
ordlto allow use in cases where a high voltage is applied to the drainxegion 23. The region 
closer to the drain region 23 is formed as a polysilicon gate electrode 25 with a low impunty 
con^afio^ whiieL region closer to , 
electrode 26 with a high impurity concentration. 

[0021] (Wortaig Example 3) Figure 3 illustrates Working Example^ In 

an n-Si substrate, 32 indicates a p + source region (impurity wnoentraUon: 10 -1Q cm >, 33 

indicates a p + drain region (impurity concentration: 10 I9 ;r t0 2 ^ c^ . 

mSti^mcons^ 
impurity concentration.. 

[0022]' The thickness of the gate insulating film 34 consisting of S j^^ ^^'^ iS 
me same as the thickness of the gate insulating film in an ordinary MOSFET The po ysilioon ^ 
gate electrode 35 with a low impurity concentration has an impunty concentration of 10 10 
cm . 

[0023] In a high-withstand-voltage MOSFET having the structure, o^^ 

example the polysilicon gate electrode is constructed only from a polysilicon gate electrode 35 

Dmcessin which ions are injected into the polysilicon gate into two processes, e, formation of 
LTotysilicon gate electrode 3 5 with a low impurity concentration by owj-level] injection, and 
subsequent high[-level] injection in the portions forming the other conductive layers. 

[0024] . 

[Effects of the Invention] The present invention makes it possible to .realizea Wg h -wi^stand- 
voltage MOSFET without increasing the thickness of the gate insulating film, and without 
forming offset structures. 

[Brief Description of the Drawings] 

[Figure 1] Figure 1 illustrates Working Example 1. 

[Figure 2] Figure 2 illustrates Working Example 2. 
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[Figure 3^ 

[Figure 4] Figiire 4 illustrates a conventional example. 
[Explanation; of Symbols] 

11 n-Si substrate 

12 p + source region 

13 p^ drain region 

14 Gate:ir4uiating film consisting of S1O2 

15 : PolysiUcoagate elertrcnde concentration 

16 Polysiiicoa gate electrode with high imptirity concentraition 

17 Deplefionlayer . { 



[Figure 1] 
Working Example 1 
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[Key: 12 Source, 13 Drain, 15 Polysilicon gate with low impurity concentration, 16 Polysilicon 
gate with high impurity concentration, 17 Depletion layer.] 
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[Figure 2] 
Working Example. 2 
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[Key: 22 Source, 
gate with high impurity concehtratioix.] 



[Figure 3] 
Working Example 3 
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[Key: 32 Source, 33 Drain, 35 Polysilicon gate with low impurity concentration.] 
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[Figure 4] 
Conventional Exaimple 
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[Key: 42 Source, 43 Drain, 44 Source offset region, 45 Drain offset region, 46 Thin gate 
insulating film, 47 Thick gate insulating film, 48 Pplysilicon gate.] 
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Tfflvi ^n-s ^©.tisjcjf »3 , 

auxins nfcRt, ffi2jBj9»*«sn«s«fc. ^fwt* 

t> 5 -£©* 'J -> 'J a >y- h », XftKICTMtttf H 

2 ] -3£SS!©¥gftg«©&ffiitEt2t$ffl; 

h wttmuL s ftfc M O S JMMt F7>yxm 

y-HMMBtt, »?ir©MOS$!«Jfe»*h5>S?;*$' 

t> 3 -2r © # >j u 3 >y- h a, kss c*imw« h 

[ft&H 3 ] -*«£©¥*flM©&lfi 

«±fcy-MB»it *±tf#u->'j3>jj>&j«*y- 

h n£MO s mWMMk b y y'JTsjrclb 

nX, 

y-hMBRtt. a*©MOSa«5M**h5>3?^^ 40 
T«V>6n*"b©i:nU** , C»D, 
#US/U3>«»6*4y-hWtt. ¥3S#g«t>b< 

tty-*«Kt Hu-f>««t©iBfca«EE3!(«wjii*n 
[8W©i¥8iifcs&0i] 

[000 1] 

ioo vK±©*«E««aiai*n*. &»jemo sfe 50 
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2 

[0 0 0 2] 

[«*©*hih 04»«e*«ais*-r0T*t), «£*©& 

R£MOSFET©fl£a;LTfr>£. HHfcB^T, 4 
lBn-SISi, 4 2 tip* y-XffR PFttttRR 

1 o 15 ~l 0"cm-') , 4 3Hp* FW>I« 
iMi^»fil 0 1 '-! 0 10 cm" 3 ) , 44«p" V-7it 
7-fcy h®« PFK4HUS1 0'»~1 0>'cm-') , 4 
5ttp- FW>*7-fey hfi* (TOGttRRl 0 l, ~ 
10"cm- s ), 4 6»S i Oj *^J«-5SViy-h» 
MR OSS 2 5 0 A) , 4 7 tiS i Oi *»SjiS4JSUr»y 
- MftftR (M2 8 0 0 A) , 4 8 tttf'J v'J 3>y- 
h®& 092 4 0 0 0 A) cfeoo 
[0 0 0 3] y— HftRRtUTfflV»6n5S i O2 R 
tt, 10-1 lMV/cm©R##^3tt*ittWMft 
S^ig^T. LfctfoT, RWJEEMOSFETSR3W 

[00 0 4]© y-nawB©j»a*jp<f5. © 

y-x*WM3*tf H W >**©-#*> L < 

[0 0 0 5] <3> a>43i^®*#ffl-fSo 04fcfiPLT 
ttUJ-rSfc, R»EEMOSFET©»#£ttK:JP 

v>y- ht8Mi4 7 s»/itu *©«»tt»t>y- hie 

h««4 4*ir;p- HW>*7-fey h««4 5©- 
^Ft)L<ttSi^*}g)S-r-5t>©T!fe*. S41C^ 
T»j^e©fe©Tab<5. 
[0 0 0 6] 

e t \z\t, js»BE*^«©*y- hiffii&K*jy<-r^.fc 

^©XS^, *7-fey MBjfifc»JS-r*&»©WW©I 
[0 0 0 7] y-MMWt«»ff<, *7-feyhi 

jft*»t3fc»icFET©ft«*mijwiT-rs, 

-M6*R«JP<1* , r. *7-fey 

V», »fcK»JEMOSFET*li«T*i: 

[0 0 0 8] 

[^®*»ft-r-5fc6©^s]= ±E©B»*3ijaEr*& 

*»9Jfc*asMW«l«. ftfc»»EEMOSFE 
Ttt. ^:©i5lc*)E^S. 

[0009] ( 1 ) -««s©*^s«©Siats» 

»«fflT»T«4WI«©y-^«**J:t;H U-f >«® 

frs«±tcy- hteflK, *±twjs/U3>*»6j«* 
y- h«««»»ijean&Mo s sii^* h 9 
t*ot, y-h^i&Rtt, a*©Mosa«M4*h 
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[0 0 12] 

[«Ufl] *3WiKf&sjsn»EMosFETT!tt. y-h 

«l«©»«fl::^to3 n*«$hh©# 'J U 3 6 
T, ¥#fc^t>L<ttV-X«*iFW>»«i:© 
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«*6^fcy-MMHi©3e»wp*«»<aD. y-F 
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5-55560 



too2 2] sioi himmz 4<d&z 

\t, M&OMOS FETt^Ii;T2 5 0 AT&£. I&f 

M®m&# u -> 'J n >y- N^ffi 3 5 \t, ^t&®m&. 1 

0 1 »~l 0 1S cm-'TSS. 

[0 0 2 3] *HSS«filO«jS$Wr-5K?SEMO S F E 

tt, >J«U->U3>y-h^0!)-f*>ttAia*2l3lC» 
»t« t C J: D. Tfc*>*tt*»IWW# u -> u 3 >y 

[0 0 2 4] 

raw©**] *BWKj:n& y-h«fii&Ksi?<-r 
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SFETS3«M-*J:£jOSTSS. 
[0M©flS**SiM] 

[an *sg0y i £*-T0Tfes. 

[02] 5lii092£^f0T&.5. 
[03] ^Jg«»|3S^1-0TS5. 
[04] «e*«s|^1-0T«S. 

11 n-Silffi 

1 2 p* v-zmm 

1 3 FK>«» 

14 Sid b*&g:g| 

1 5 ffiTffifMU&F'J ->u 3 >y- htff 

1. 6 itS7fi&6#>»£# U •> 'J 3 >y- h ttfi 

i 7 £2jf 
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"I 
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*1- Si 
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13 YU- 
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si 
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21 n-s; 
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